Microscopic studies reveal a predominance of terrestrial organic matter in sediments of Site 808. Terrestrial vitrinite and inertinite are more abundant (73% to 100%) than marine organic matter (alginite, 0% to 27%), which increases from open oceanic deposits of the Shikoku Basin sediments to sediments of the outer trench wedge. The abundance of terrestrial organic matter is also reflected through carbon isotope values of -23‰ to -25.9‰. Mass accumulation rates of organic carbon are low in hemipelagic sediments of the Shikoku Basin (<0.2 g/cm 2 /k.y.) but increase significantly in sediments of the Nankai Trench (0.2 to 1.7 g/cm 2 /k.y.). Although the organic mass accumulation is high in sediments of the Nankai Trench, a comparison of sedimentation rates and total organic carbon suggests relative dilution of organic carbon through turbidite flows. Calculated marine paleoproductivity of organic carbon is low in sediments of the open ocean (Shikoku Basin) and increases closer to the shore (Nankai Trench). Thermal evolution of organic matter is obtained from vitrinite reflectance measurements. Two populations of vitrinites have been observed between 600 and 1234 mbsf. Reflectance values change with increasing depth and temperature in both groups of vitrinite (0.3% to 0.68% in group 1; 0.6% to 1% in group 2).
INTRODUCTION
During Ocean Drilling Program (ODP) Leg 131, Site 808 was drilled on the Nankai accretionary prism ( Fig. 1 ), penetrating 1280 m of turbiditic and hemipelagic sediments overlying the basaltic basement (Taira, Hill, Firth, et al., 1991) . Organic petrological and geochemical studies provide information on the amount, type, and thermal alteration of organic matter. This paper gives an overview of the accumulation and alteration of organic matter in sedimentary environments of Site 808.
SAMPLES AND METHODS
A total of 147 sediment samples were collected from Site 808 in 10-m intervals over a depth range from 3 to 1280 mbsf.
Total organic carbon (TOC) was calculated from total sediment carbon (measured by combustion of sediments with a NA1500 Carlo Erba NCS analyzer) and carbonate carbon (using a Coulometrics 5011 coulometer). The data and methods are given in Taira, Hill, Firth, et al. (1991) . Mass accumulation rates (MARCorg) of organic carbon were calculated from the equation of Bordovskiy (1965) : (1) where SR is the sedimentation rate (cm/k.y.) and DBD is the dry-bulk density (g/cm 3 ). We were not able to measure the DBD of samples discussed in the paper. We instead approximated the data given in Table 1 through measured DBD data of adjacent samples of the same lithology which are given in Taira, Hill, Firth, et al. (1991) . The SR data have been taken from Taira, Hill, Firth, et al. (1991) .
Paleoproductivity (PP) of surface waters was estimated using the empirical equation of Stein (1986) 
where C is marine organic carbon (wt%) and DEP is the paleowater depth in meters. Data on TOC, MAR Corg , and PP are given in Table 1 . Hill, I.A., Taira, A., Firth, J.V., et al., 1993. Proc. ODP, Sci. Results, 131: College Station, TX (Ocean Drilling Program) .
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Kerogen microscopic analyses of selected samples were conducted after kerogen concentration and removal of carbonates and silicates by treating the samples with HCL and HE The dried material was embedded in resin. Maceral analyses were performed on polished blocks in reflected and fluorescence light (blue-light excitation, magnification 500×). Vitrinite reflectance was measured in oil immersion (λ = 546 nm). Due to the high amount of clay particles in the samples we were not able to identify amorphous liptinite. We therefore report only particulate liptinite, which in this case is identical to alginite. The data on relative amounts of alginite, vitrinite, and inertinite are compiled in Table 2 .
Kerogens were prepared for carbon isotope analyses using methods described in Schoell (1984) . Carbon isotope ratios were measured relative to the Pee Dee Belemnite (PDB) standard with a Finnigan MAT 251 mass spectrometer. Values are reported in Table 1 as:
RESULTS AND DISCUSSION

Hemipelagic Sediments of the Shikoku Basin
Hemipelagic muds were recovered at Site 808 between 1243 and 618 mbsf. They represent sediments of the Shikoku Basin (Taira, Hill, Firth, et al., 1991) . The lower section (1243 to 824 mbsf) was deposited distal to the Nankai Trench whereas the upper section represents sedimentation closer to the trench. The sedimentation rates were low and ranged from 6.5 to 214.3 m/m.y. (Taira, Hill, Firth, et al., 1991) . The amount of TOC increases from 0.04% to 0.8% with decreasing age (13.6 to 0.46 m.y.) and coincides with an increase of the mass accumulation rate of organic carbon from 0.0003 to 0.2 g carbon per cm 2 per 1000 yr from bottom to top (Fig. 2 , Table 1 ). The amounts of TOC in the lower Shikoku Basin sediments of Site 808 are comparable (Fig. 3) to those observed under similar hemipelagic conditions (Muller and Suess, 1979; Stein et al., 1989) . With increasing sedimentation rates an increase of the TOC values is observed (Fig. 3) .
Interestingly, the organic matter of these oceanic sediments consists predominantly of terrestrially derived vitrinites and inertinite (Fig. 4, Table 2 ). Only 0% to 9% of the macerals consist of alginite of presumably marine origin. This suggests that 91% to 100% of the organic components are allochthonous. The terrestrial organic matter could have been transported into the ocean via riverine inputs and shifted laterally into distal oceanic areas by marine currents. The other possible transportation medium for terrigenous particles could have been aeolian dusts, which, according to Zafiriou et al. (1985) , could account for at least 50% of the terrigenous organic matter preserved in deep-ocean sediments. The atmospherically introduced organic matter is largely refractory (Zafiriou et al., 1985) . The inertinitic component of the Shikoku Basin sediments which makes up approximately 60% of the organic matter could partly be explained as aeolian input. But also long-distance transportation and subsequent (microbial) degradation of terrestrial organic matter in the ocean could lead to formation of inertinite (Prahl, 1985; Prahl and Muehlhausen, 1989) . The occurrence of at least two vitrinite populations of different reflectivities (Fig. 5, Table 2 ) in the Shikoku Basin sediments could also be related to different input sources of terrestrial organic matter.
The predominance of terrigenous components over marine organic matter could be due to a higher stability of the terrestrial organic material. This can be explained by the high aromaticity of these organic particles, whereas marine organic matter consists largely of long-chain molecules that can be degraded easily (Tissot and Welte, 1984) . Consequently, only a small portion of the primary organic carbon produced by oceanic plankton will be preserved in sediments of the open ocean. But, based on empirical observations, it is still possible to estimate from equation 3 the paleocarbon production of ocean waters (Stein, 1986 ). If we assume that the observed alginite is of marine planktonic origin, then approximately 2% of the TOC is of marine origin in the lower Shikoku Basin sediments (average value from alginite content). Based on this assumption, the paleocarbon productivity would have been 5 g carbon per cm 2 per yr ( Fig. 2) . It is higher (10 to 20 g carbon per cm 2 per yr) in the upper Shikoku Basin sediments, where on average 7% of TOC is related to marine plankton (Fig. 4 , Table 2 ). The paleoproductivity values related to hemipelagic sediments of Site 808 are similar to those from open oceans reported by Romankevich (1984) . The increase in paleoproductivity in the upper Shikoku sediments could be due to a higher nutrient supply closer to the coast.
Carbon isotope data of kerogens from the Shikoku Basin sediments show little variation with average values around -24%e (Fig. 4 , Table 3). Tertiary kerogens of terrestrial origin have a carbon isotope range from -24%e to -29‰ and modern land plants of the C-3 photosynthetic cycle range from -24%eto -32‰, whereas marine plankton varies between -18‰and -22‰ (Schoell, 1984 , and literature cited therein). From the carbon isotope ratios it is likely that the Shikoku Basin kerogens contain a higher portion of terrestrial organic matter, as the average kerogen value of -24‰ is similar to higher land plant values and deviates from those of marine plankton. The δ 13 C values increase slightly from -24.7%o to -23.3‰ from base to top. Although this increase in δ 13 C is accompanied by an increase of marine liptinite (Fig. 4 , Table 2), it is not possible to relate this isotope shift to linear mixing between terrestrial and marine organic matter, as proposed by Hedges and Mann (1979) . The observed increase of approximately 5% marine organic matter in the Shikoku Basin sediments can only account for an isotope shift of 0.2%o if we assume constant isotopic compositions for both marine and terrestrial organic matter. It is therefore likely that during the period of more than 13 m.y., isotope variations must have occurred in both types of organic matter. The decrease of inertinite relative to vitrinite from lower to upper Shikoku Basin sediments (Fig. 4) already suggests a change of the source for the organic matter. This also makes it likely that slight isotope variations could occur in the terrestrial portion of the kerogen. Changes of water temperature could lead to changes in the planktonic communities that in turn could lead to variations of the carbon isotope ratios of the marine organic matter (Sackett et al., 1966) .
Sediments of the Nankai Trench and Wedge
Sediments recovered between 618 and 0 mbsf were deposited in the Nankai Trench proximal to the accretionary prism and on the wedge itself (Taira, Hill, Firth, et al., 1991) . They consist of hemipelagic muds and turbidite flows. Sedimentation rates range from 214 to 1381 m/m.y. (Taira, Hill, Firth, et al., 1991) . TOC varies from 0.4% Table 1 . Total organic carbon, mass accumulation rates (MAR), paleoproductivity, and carbon isotope ratios of kerogens from Site 808. 
to 0.8% with high amplitudes in the sediments of the axial trench (Fig. 2, Table 1 ). Due to the high sedimentation rates we observe a dramatic increase of the mass accumulation rates of organic carbon from0.2to 1.6 g carbon per cm 2 per 1000 yr in sediments of the outer marginal trench wedge and a significant decrease in the axial trench wedge and slope apron sediments (Fig. 2, Table 1 ). However, from the comparison between TOC and sedimentation rates (Fig. 3) ( Fig. 4 ). This suggests a higher paleoproductivity (Fig. 2) closer to the shore related to a higher nutrient supply. Isotope ratios of organic carbon decrease from average values of -23.3‰ in upper Shikoku Basin sediments to -24.5%o in Nankai trench and wedge sediments (Fig. 4) . These isotope values indicate a dominance of terrestrial organic matter in the younger sediments, which coincides with observations from optical studies (Fig. 4) . As the isotopic composition of the bulk organic carbon is dominated by the terrigenous component, the carbon isotope shift indicates that the source of the terrestrial matter could have changed. This is supported by the observation that inertinite decreases from the basin-trenchtransition to the top of the sediments of the outer marginal trench wedge. Also, only one type of a low, mature vitrinite was found in these samples (Table 2, Fig. 5 ).
Thermal Alteration of Organic Matter
Thermal alteration of the organic matter in the sediments recovered from Site 808 is derived from vitrinite reflectance measurements. Two populations of allochthonous vitrinite are distinguished by reflectance measurements (Fig. 5) . In both populations, reflectance increases with increasing depth and temperature. The reflectance of population 1 varies from 0.31% at 600 mbsf to 0.68% at 1098 mbsf, whereas those of population 2 change from 0.59% to 0.99% in the same depth interval (Fig. 5) . Between 1147 and 1234 mbsf reflectance values of vitrinite population 1 increase from 0.6% to 0.63%, whereas vitrinite population 2 values show an increase from 0.9% to 0.97%.
Based on the vertical distribution of reflectance values, it is likely that both types of vitrinite correspond to the temperature history at Site 808, as we observe a parallel shift of reflectance with increasing depth and temperature. Vitrinites of population 1 correspond to more or less fresh terrestrial organic matter that is altered at Site 808 with increasing temperature. This implies that hydrocarbon generation at Site 808 should be largely related to changes of vitrinite 1. The onset of significant thermal hydrocarbon formation should occur between 820 and 900 mbsf, where reflectance values of vitrinite 1 increase from 0.45% to 0.5%. This coincides with the observation of Berner and Faber (this volume) on changes of gas concentrations. Ethane concentrations increase significantly below 800 mbsf. Furthermore, n-butane and n-pentane increase relative to isobutane and isopentane over the depth range of 750 to 900 mbsf, which can be taken as an indication of increasing temperature and maturity (Alexander et al., 1983) .
Other maturity parameters as the illite/smectite ratio (Underwood et al., this volume) and the thermal alteration index (Firth, this volume) also show a correspondence with our coalification trend.
Vitrinites of population 2 may be interpreted as reworked macerals that already have undergone coalification before deposition in the Shikoku Basin. However, this assumption conflicts with physicalchemical models of thermal kerogen alteration (Waples, 1983 , and literature cited therein; Burnham and Sweeney, 1989) . Contrary to the observation on vitrinites of population 2, recycled organic matter should not be reactive until temperatures exceed those of the first alteration cycle; as for any further increment of maturation, recycled organic matter needs higher activation energies and hence higher temperatures than have been reached during primary alteration. The problem of two populations of vitrinite corresponding to depth and temperature at Site 808 cannot presently be solved.
CONCLUSIONS
Microscopic studies reveal a predominance of terrestrial organic matter in sediments of Site 808. Terrestrial vitrinite and inertinite are more abundant (73% to 100%) than marine organic matter (alginite, 0% to 27%) which increases from open oceanic deposits of the Shikoku Basin sediments to sediments of the outer trench wedge. The abundance of terrestrial organic matter is also reflected through carbon isotope values of -23%e to -25.9‰.
Mass accumulation rates of organic carbon are low in hemipelagic sediments of the Shikoku Basin (<0.2 g/cm 2 /k.y.) but increase significantly in sediments of the Nankai Trench (0.2 to 1.7 g/cm 2 /k.y.). Although the organic mass accumulation is high in sediments of the Nankai Trench, a comparison of sedimentation rates and total organic carbon suggests relative dilution of organic carbon through turbidite flows. Calculated marine paleoproductivity of organic carbon is low in sediments of the open ocean (Shikoku Basin) and increases closer to the shore (Nankai Trench). Thermal evolution of organic matter is obtained from vitrinite reflectance measurements. Two populations of vitrinites have been observed between 600 and 1234 mbsf. Reflectance values change with increasing depth and temperature in both groups of vitrinite (0.3% to 0.68% in group 1; 0.6 % to 1 % in group 2). 
